A systematic set of flume tests was developed to explore the relation between soil water content and soil detachment capacity for a coarse-grained soil and a fine-grained soil. The experiments included aging treatments (three volumetric water contents of 4.0, 11.5, and 21.7% for the sandy loam soil and 5.0, 10.5, and 17.4% for the silt loam soil, and seven aging durations of 0, 12, 24, 36, 48, 60, and 72 h) and drying treatments (saturated soil samples oven-dried for 0, 12, 24, 36, 48, 60, and 72 h). results showed that soil detachment capacity for these two soils presented unique patterns as soil water content increased: the fine-grained soil presented an increasing and then a decreasing trend under aging treatments, whereas the coarse-grained soil showed a continuous increasing trend as soil water content increased. Both patterns could be fitted by quadratic equations. The effect of soil water content on soil detachment capacity was mainly reflected by water-stable aggregate content. Higher soil water content results in weaker bonds for fine-grained soil but in less slaking for coarse-grained soil. Lower soil water content leads to less slaking for fine-grained soil but more particle deposition and cementation for coarse-grained soil. Future work will include additional soil textures and focus on soil erodibility and critical shear stress to expand our understanding of soil detachment influenced by soil water content.
S oil erosion can be divided into three subprocesses: soil detachment, sediment transport, and deposition (Nearing et al., 1989) . When overland flow is considered as the erosive agent, soil erosion is controlled by hydraulic conditions and soil matrix properties (Knapen et al., 2007a) . Therefore, for a given hydraulic condition (e.g., discharge, slope gradient, flow depth, temperature, and velocity), soil erosion is mainly influenced by soil physical properties (e.g., soil texture, bulk density, soil cohesion, and soil aggregate stability) (Bennett et al., 2000; Govers et al., 1990; Knapen et al., 2007a; Shi et al., 2010) and chemical properties (e.g., cation exchange capacity, soil organic matter, electrical conductivity, pH, and exchangeable ions) (Geng et al., 2017; Knapen et al., 2007a; Wuddivira and Camps-Roach, 2007) . The effect of some soil properties, considered as unchangeable factors in a certain time (e.g., soil texture in days, months, or even years), on soil erosion has been reported (Morgan, 2005; Wischmeier et al., 1971) ; however, how time-dependent parameters such as initial soil water content (referred to as soil water content herein) affect soil erosion processes is an open discussion (Singh and Thompson, 2016; Vermang et al., 2009) .
Soil water content, an important time-dependent parameter, is not consistently influenced by rainfall, evapotranspiration, temperature, vegetation, and so on (Havrylenko et al., 2016) . Different results have been presented concerning the relationship between soil water content and soil erosion (Bryan, 2000; Govers et al., 1990; Kemper and Rosenau,1984; Knapen et al., 2007b; Le Bissonnais and Singer, 1992; Martinez et al., 2017; Nachtergaele and Poesen, 2002; Singh and Thompson, 2016) . Soil erosion should be more serious for dry soils with more slaking than prewetted soils with less slaking (Lado et al., 2004; Le Bissonnais and Singer, 1992) . However, due to cement-bonding processes and hydrophobic effects, drying soil may increase the mechanical resistance to detachment and aggregate breakdown, resulting in less soil erosion (Bajracharya and Lal, 1992; Le Bissonnais et al., 1995) . Moreover, researchers have suggested that a moderate soil water content may favor rapid bond strengthening among soil particles (Grissinger, 1966; Hanson and Cook, 1999; Kemper et al., 1985; Shainberg et al., 1996) . When soil water content is high, the bonds between separated soil particles do not strengthen easily, leading to high erosion rates. Soil erosion rates are also high when soil water content is too low to lubricate soil particles to low-energy positions and high cohesion (Shainberg et al., 1996) .
These different or even opposing effects may be partly attributable to the variability of aging and soil texture (Grissinger, 1966; Shainberg et al., 1996) . For the development of cohesive forces between soil particles and/or between aggregates, aging is not a long-time-scale process. Grissinger (1966) used aging durations of 0, 2, 4, and 24 h and found that at least 4 h of aging after compaction was sufficient for the silt loam soil to approach equilibrium. After aging the wetted soil for 15 min, 4 h, and 24 h, Shainberg et al. (1996) suggested that 24 h was sufficient for the cohesive force development that resulted in a low rill erodibility for grumusol and loess soil. Therefore, when investigating the effect of aging duration on soil erosion, the research period should be at the hour or day-time scale. In previous aging studies, the aging time began after external disturbance: Grissinger (1966) and Kemper et al. (1987) began the aging time after soil compaction, and Shainberg et al. (1996) began the aging time after wetting the soil surface in packed test flumes. Compacting the soil into a mold is a common method to prepare soil samples (Al-Madhhachi et al., 2014; Hanson and Cook, 2004) . The process of compacting samples disintegrates some soil aggregates and makes the loose soil conform to a close-packed structure in which cohesive forces develop between soil particles and/or between aggregates. Although the aging process may be argued to occur both prior to and after compaction, the effect of aging in the loose state, prior to compaction, is hard to quantify. Therefore, the aging process prior to compaction does not constitute the start of aging between the samples; rather, the aging clock begins after soil compaction.
Fine soils present different erosion trends under different aging conditions with certain soil water contents. During aging in fine-grained soil, some slightly soluble solutes (e.g., silica, CaCO 3 ) and chemical ions (e.g., Ca 2+ , Fe 2+ , Al 3+ ) deposit on the particleto-particle contacts, which may enhance the bonds in the adjacent particles (Jakšík et al., 2015; Kemper and Rosenau, 1984) . Even under dry conditions with only one molecular layer of water on the mineral surfaces, aggregate stability may be strengthened by the migration of bonding components with prolonged aging in cohesive soils (Kemper and Rosenau, 1984) . This bonding mechanism may increase soil cohesion as temperature increases (Shainberg et al., 1996) . Conversely, the Na + cations may disperse the clay particles, resulting in broken structure and seal-crust formation (Jakšík et al., 2015) . However, in coarse soils there is not enough clay to form clay-to-clay contacts (Shainberg et al., 1996) . In this case, cohesion forces associated with capillary water (i.e., the attraction via the water between soil particles) were suggested to contribute to soil strength. The capillary force due to hydraulic pressure and surface tension presented a decreasing trend with an increasing soil water content and would lose its effectiveness as the soil reached saturation (Kemper and Rosenau, 1984; Shainberg et al., 1996) . In addition, more contacts and bonds were formed at points of contact between sand grains by the deposition of small suspended mineral particles pulled by the retreating menisci (Kemper et al., 1987) .
Soil detachment, defined as dislodging of soil particles from the soil matrix by erosive agents, is the first subprocess of soil erosion providing loose sediment for the subsequent processes of transport and deposition (Zhang et al., 2003) . In rills, concentrated flow causes more soil detachment than raindrops (Govers et al., 2007) . However, few studies have quantified the relationship between soil water content and soil detachment, although soil water content has been proven to be a pivotal influencing factor on soil erosion. Soil detachment capacity is the maximum soil detachment rate in clear water where the sediment concentration is zero (Nearing et al., 1991; Zhang et al., 2009) . Soil detachment capacity is a key parameter in process-based soil erosion models (e.g., WEPP [Nearing et al., 1989] , KYERMO [Hirschi and Barfield, 1988a, b] , CREAMS [Foster et al., 1981] , and PRORIL [Lewis et al., 1994a, b] ). Therefore, understanding soil detachment capacity under various conditions and its influencing factors is of great importance to modeling and predicting soil erosion (Li et al., 2015) . Therefore, the objectives of this study were (i) to quantify the effect of soil water content and aging on soil detachment capacity and (ii) to interpret the pattern of soil detachment capacity at a wide range of soil water contents for coarse-and fine-grained soils under drying and aging treatments.
MATerIALs AND MeTHODs sampling site and soils
The experiment was conducted at Shandong Provincial Key Laboratory of Soil Conservation and Environmental Protection, Linyi, Shandong, China. The soils are a sandy loam (generated from granite; located at 35.32°N, 118.27°E) and a silt loam (generated from limestone; located at 35.46°N, 118.27°E) classified by USDA classification system based on grain size distribution ( Table 1 ). The coarse-and fine-grained soils used herein are distributed widely in the rocky area of northern China. Soil organic matter was determined using the dichromate oxidation method (Walkley and Black, 1934) . Mineralogical composition percentages were measured by X-ray diffraction with reference intensity ratio calibration (Chung, 1975; Hillier, 2000) .
soil Mold preparation
A common method to prepare soil samples is compacting the soil into a mold using a rammer (Al-Madhhachi et al., 2014; Hanson and Cook, 2004) that is meant to mimic the action of a sheep foot roller. Two compaction methods were used: the standard ASTM D698 and a modified method proposed by Liu et al. (2017) . Using the standard method, at least nine blows per layer are needed to cover the soil surface, resulting in a higher bulk density than that observed in agricultural soils (Fig. 1a) .
To obtain a low and uniform bulk density, an alternative rammer was designed with a plastic strike plate of 146.1 mm diameter (Liu et al., 2017) . According to previous studies, a small sample with a diameter of ?100 mm will provide data for soil erosion parameters such as soil detachment capacity, critical shear stress, and soil erodibility (Nearing and Parker, 1994; Zhang et al., 2002 Zhang et al., , 2003 . Therefore, following the rammer used by Liu et al. (2017) , a smaller plate was designed in this study, with a plastic strike plate diameter of 98 mm and a cylindrical brass weight of 1.21 kg. The free fall distance of 304.8 mm was the same as ASTM standard D698 (Fig. 1b) .
The sandy loam and silt loam soils were collected from the plow layer, air-dried, and passed through a 2-mm sieve. Considering the soil water content in the sieved soil, the mass of water and soil were calculated to match the designed soil water content. To thoroughly mix the water and soil, water was sprayed with a discharge rate of 300 mL min -1 to the soil that had been placed in a rotating mixer (38 rpm) (Liu et al., 2017) . The mixed soils were sealed in buckets and stored for 24 h to allow even water redistribution and soil particle hydration. Then, the soil was compacted into a mold (10 mm inner diameter, 5 mm inner height) in three layers. For each layer, three blows were exerted on the soil, resulting in an acceptable agricultural bulk density (i.e., 1.1-1.5 g cm -3 ) based on preliminary testing procedures in the field. The soil surface of one layer was roughed by a scratcher to allow soil mixing with the overlain layer. For the last layer, a knife was used to trim the soil above the mold rim.
The Aging Treatments
Experiments were designed as aging treatments and drying treatments. Under aging treatments, soil samples were compacted at three gravimetric soil water contents (i.e., 3.0, 9.0, and 15.0%), sealed, and stored for seven aging durations (i.e., 0, 12, 24, 36, 48, 60 , and 72 h) prior to flume testing. The three soil water contents represent the dry, moist, and wet soil conditions for study area. The gravimetric soil water contents of 3.0, 9.0, and 15.0% correspond to volumetric water contents of 4.0, 11.5, and 21.7% for the sandy loam soil and 5.0, 10.5, and 17.4% for the silt loam soil, respectively. To facilitate comparisons of soil detachment capacity and other related indices for the two soils, the gravimetric soil water content is used herein. In addition, according to the preliminary experiment, a water content >15.0% was not conducive to the soil mixing and compaction processes. The seven aging durations were determined based on the results of Grissinger (1966) and Shainberg et al. (1996) , who suggest that at least 4 h (Grissinger, 1966) or 24 h (Shainberg et al., 1996) was sufficient for the development of cohesive forces. To ensure the sufficient time, the longest duration of 72 h is used here. The aging duration clock began after the soil was packed into containers, similar to Grissinger (1966) and Kemper et al. (1987) . A full factorial design was used to arrange aging treatments with three repetitions; hence, a total of 42 runs were conducted.
The Drying Treatments
In the drying treatments, soil samples were packed at a soil water content of 9.0%, with a dry bulk density of 1.30 and 1.09 g cm -3 for sandy loam and silt loam soil, respectively. The soil samples were initially saturated from the bottom for 48 h. The saturated water content was 32.4% for sandy loam soil and 45.3% for silt loam soil. These saturated samples were placed in an oven at 45°C for seven time periods (i.e., 0, 12, 24, 36, 48, 60 , and 72 h) to mirror the aging duration. The oven was maintained at 45°C because this temperature offers more control of the soil water gradient to facilitate testing and does not destroy the activity of soil microorganisms (Shainberg et al., 1996) . A total of 126 runs were conducted by a full factorial design with three repetitions.
soil Detachment Capacity Measurement
Soil detachment capacity was assessed using a flume similar to that used by Nachtergaele and Poesen (2002) . The flume had a length of 2.5 m and a width of 0.20 m (Fig. 2) . A round hole ( Fig. 2a) with a diameter of 0.14 m was located at 0.2 m from the lower end of flume. Water was injected into the water tank at a flow discharge rate of 0.2 L s -1 (Fig. 2b) and flowed through the energy dissipater (Fig. 2c) . The flume slope was set to 10° by adjusting a screw (Fig. 2d) connecting the flume bed and base. This discharge rate detaches soil particles from the soil matrix with a low erodibility within 2 min but does not deeply scour the soil matrix with a high erodibility within 10 s. The selected flow slope of 10° is representative of sloping land distributed in the rocky area of northern China. Detachment measurement began after the mold was placed into the hole and stopped when the scoured depth reached ?2 cm, which minimized boundary effects from the mold rim (Li et al., 2015; Nearing et al., 1991) . After the test, the remaining soil in the mold was placed into an oven, dried at 105°C for 24 h, and weighed. Soil detachment capacity (D c , kg m -2 s -1 ) was calculated by:
where M 0 is the dry mass of soil compacted in the mold (kg), M f is the dry mass of soil remaining in the mold after scouring (kg), A is the cross-section area of the mold (m 2 ), and T is the scouring duration(s).
Measurements of the Water-stable Aggregates
Prior to flume testing, the water-stable aggregates were measured using a variation of the Kemper and Rosenau (1986) wet sieving method. Briefly, about 70.0 g of soil was removed from replicate molds for each treatment, placed into a sample container with a 0.062-mm sieve at the bottom, and mechanically raised up and down in water for 30 min at a frequency of 30 cycles per min. Soil aggregates were divided into six classes as >5, 2 to 5, 1 to 2, 0.5 to 1, 0.25 to 0.5, and <0.25 mm, and the classes of soil aggregates except <0.25 mm were oven dried. At the same time, another 70.0 g of soil from each replicate was oven-dried to a constant weight to measure soil water content. The percentage of water-stable aggregates with a diameter >0.25 mm (WG025) was calculated to evaluate the stability of macroaggregates related to soil detachment.
Data Analyses
The following measurements of mass were recorded: soil mold, soil water content for the mixed soil before compaction, soil mold containing mixed soil for aging treatment, soil mold containing mixed soil after compaction for dry treatment, and soil mold containing the saturated soil oven-dried after different times. The indices of dry bulk density, soil water content, and saturated soil water content were obtained based on the mass, soil water content of the mixed soil, and volume of the soil mold.
General linear model (GLM) analysis, paired samples test, and multiple comparison were performed using SPSS version 20 software. Curve fitting and figure drawing were conducted using Origin version 8.6 software. The R 2 was used to evaluate the performance of GLM or fitting models (Liu et al., 2013) .
resULTs soil Detachment Capacity under Different soil Water Contents for Aging Duration
Soil detachment capacity presented different changing patterns as influenced by soil water content for the coarse-and finegrained soils (Fig. 3) . In Fig. 3 , the soil detachment capacity for each soil water content was the average of seven measurements obtained between 0 and 72 h. The silt loam soil had a significantly higher detachment capacity under a moderate soil water content (±9.0%) than under dry (±3.0%) and wet (±15.0%) conditions. For sandy loam soil, the detachment capacity was highest at a soil water content of ±15.0%. Under dry and wet conditions, the soil detachment capacity for the silt loam soil was lower than that for the sandy loam soil. However, under moderate conditions, the silt loam soil had a higher soil detachment capacity. Figure 4 shows the average of three soil detachment capacity values measured at soil water contents of 3.0, 9.0, and 15.0% at the given aging times for each soil. Soil detachment capacity for the silt loam soil showed a decreasing pattern when aging duration increased, with the maximum value occurring at the zero aging duration. After 12 h, the soil detachment capacity for the silt loam soil had no significant difference except for at 48 h. Overall, the silt loam soil had a higher detachment capacity than the sandy loam soil during the first 36 h of aging; then detachment capacity for the sandy loam soil was higher for aging times >48 h. The pattern for detachment capacity of the silt loam soil was well fitted by a power function (R 2 = 0.89) (Fig. 5) . The detachment capacity for the sandy loam soil had a complex pattern as aging duration increased, with low values mainly occurring under short aging duration. The relationship between soil detachment capacity and aging duration for the sandy loam soil was not well fitted by the linear function (R 2 = 0.25; p > 0.05) (Fig. 5) .
To analyze the interaction between soil water content and aging duration, GLM was performed, and the results are listed in Table  2 . All variation sources, including model, intercept, soil water content, aging duration, and the interaction between soil water content and aging duration, passed the significance test at p < 0.01 for silt loam and sandy loam soils ( Table 2 ). The GLM explained 80 and 70% soil detachment capacity for the silt loam and sandy loam soils, respectively. For both silt loam and sandy loam soil, aging duration had a greater contribution to the soil detachment capacity variability than did soil water content. The interaction between soil water content and aging duration also had a high contribution (25.0 and 39.5%) for the silt loam and sandy loam soils, respectively.
soil Detachment Capacity under Different soil Water Contents for Drying Treatments
In the drying treatment experiments, the soil water content of silt loam and sandy loam soil decreased almost linearly with time to 60 h, after which the rate of decrease diminished (Fig. 6) . The greatest soil water contents for silt loam and sandy loam soil were ?45.3 and 32.4% at 0 h, respectively; the smallest values were 9.8 and 5.4% at 72 h, respectively. The silt loam soil always had higher soil water content than the sandy loam soil at 72 h.
The function of soil detachment capacity with soil water content for the silt loam and sandy loam soils was fitted by quadratic equations with R 2 of 0.92 and 0.57, respectively (Fig. 7) . Soil detachment capacity of the silt loam soil presented a concave pattern, with the minimum value occurring at 19.0%. For the sandy loam soil, the pattern of soil detachment capacity with soil water content presented a convex pattern, with the maximum value at 13.0%. The silt loam soil had a wider range of soil detachment capacity (0.48 kg m -2 s -1 ) than that of the sandy loam soil (0.18 kg m -2 s -1 ).
DIsCUssION effect of soil Water Content on soil Detachment Capacity for Aging Duration
For the fine-grained soil with high clay and quartz content (Table 1), the particle-to-particle bonds may be enhanced by the migration and deposition of slightly soluble solutes ( Jakšík et al., 2015; Kemper and Rosenau, 1984) . Low sodium content resulted in fewer dispersed clay particles and increased structural strength. Therefore, soil detachment decreased with prolonged aging time. However, after 12 h of aging, soil detachment presented no significant reduction until 48 h (Fig. 4) , indicating that 12 h is adequate for aging of the fine-grained soil. This result may provide guidance for soil sample preparation in soil erosion experiments and confirms that soil samples should be stored and settled for 12 to 24 h before testing (Lei et al., 2002; Wang et al., 2014) . However, soil detachment in the coarse-grained soil showed a slight but not significant increasing pattern with aging duration (Fig. 5 ). This is a confusing phenomenon that has not been documented or interpreted in the literature; almost no effect of aging on soil strength has been documented (Shainberg et al., 1996) . In addition to experimental errors, the microcracks associated with shrinkage (Govers et al., 1990; Knapen et al., 2007b) caused by the uncontrollable evaporation from the soil surface may be responsible for the increased soil detachment with aging time. However, no extensive network of microcracks was observed in the sandy loam soil surface. Judged from the p > 0.05 in the significance test in Fig. 5 , the change in soil detachment for the coarse-grained soil could be ignored. Therefore, it can be concluded that the contacts and bonds formed by small suspended mineral particles between sand grains (Kemper et al., 1987) and the capillary water forces keeping sand grains together (Shainberg et al., 1996) may not be affected by prolonged aging for the sandy loam soil.
To further confirm this conclusion, the number of water-stable aggregates with a diameter >0.25 mm (WG025), an index used to evaluate the stability of macroaggregates related to soil detachment, were determined after each aging time (Fig. 8) . In general, a higher water-stable aggregate content means stronger particle bonds and less soil erosion potential (Wang et al., 2016; Yan et al., 2008) . Figures 5 and 8 show that the WG025 had a similar function but opposite pattern with soil detachment capacity as the aging duration increased for the fine-grained soil. The WG025 had no obvious pattern as aging duration increased for the coarsegrained soil. This means that the influence mechanism (i.e., soil water content) on soil detachment for coarse-and fine-grained soils with different aging durations was physically different.
Figures 3 and 9 show for sandy loam soil that the WG025 had a contrary pattern to soil detachment capacity as soil water content increased, which indicated that the WG025 with a ratio >50% controlled soil detachment capacity. However, for the silt loam soil, the WG025 with a ratio of only 25% had the least soil detachment capacity. This suggests that soil detachment capacity did not depend solely on water-stable aggregate content.
The soil structure under compaction treatments may be influenced by the soil water content at packing (Liu et al., 2017) ; hence, soil detachment capacity changed accordingly. In conditions of low soil water content, the powder-like soil particles and small aggregations with great specific surface area may get close to each other after compaction, resulting in a great cohesive force between particles and/or between aggregates (Grissinger, 1966; Horn et al., 1994) . This type of bond may decrease soil detachment capacity for fine-grained soils with low WG025 content. At moderate soil water content (9.0%), the dry bulk density (1.09 g cm -3 ) was smaller than that for soil water content of 3.0% (1.23 g cm -3 ) and 15.0% (1.11 g cm -3 ). The smaller bulk density resulted in a greater void space than under both low and high soil water conditions. The increased void space may have resulted in a decreased number of contact points and in low cohesive bonding, which leads to low resistance to erosion (Horn et al., 1994) . In addition, the greater number of voids contained within the soil matrix, the greater volume of entrapped air, leading to increased slaking and enhanced soil erosion (Shi et al., 2010; Yan et al., 2008) . Therefore, soil detachment capacity was greater at moderate soil water contents for the silt loam soil (Fig. 3) . Based on previous studies (Liu et al., 2017) , it was assumed that the detachment capacity of the sandy loam soil would decrease as soil water content increased over 15.0% because of soil particle separation at higher soil water content (Shainberg et al., 1996) .
Under similar compaction efforts, dry bulk density fluctuated for different soil water contents (Liu et al., 2017) . Considering the potential effect of bulk density on soil detachment capacity, GLM was performed using bulk density as a covariate. Statistical results show that the model intercept did not pass the significance test with p > 0.05; therefore, bulk density had no significant effect on soil detachment capacity for either fine-and coarse-grained soils under the compaction treatments tested herein (Table 3) .
effect of soil Water Content on soil Detachment Capacity for Drying Treatments
The concave pattern of fine-grained soil detachment capacity with soil water content (Fig. 7) confirmed the existence of an optimum water content at which maximum cohesive forces may develop and soil erosion is minimal (Grissinger, 1966; Hanson and Cook, 1999) . Taking the optimum soil water content (i.e., 20.0% for fine-grained soil) as a baseline, an increasing soil water content led to more soil detachment. This increase in soil detachment indicated that the positive impact of soil particle separation had a greater effect than the negative impact of slaking as soil water content increased (Le Bissonnais and Singer, 1992; Shainberg et al., 1996) . As soil water content decreased from the optimum soil water content, soil particle reorientation was prevented, and the probability of slaking increased resulting in increased soil detachment (Govers et al., 1990; Kemper et al., 1985; Shi et al., 2010) .
However, under the drying treatments for coarse-grained soil, soil detachment capacity showed a convex pattern with soil water content (Fig. 7) . Grissinger (1966) found soil loss rates had a convex pattern for a 5.0% coarse kaolinite-Grenada silt loam soil packed at 6.0% soil water content to a bulk density of 1.6 g cm -3 , and the reason was attributable to particle orientation. In the Knapen et al. (2007b) study, soil erodibility for a silt loam soil with a bulk density of ?1.5 g cm -3 showed a convex pattern, but it was generalized using a linear function by the authors. Nachtergaele and Poesen (2002) suggested a quadratic regression model that could reasonably estimate soil detachment rate by flow shear stress when soil water content was less than field capacity. In their quadratic regression model, the negative and positive coefficients of the quadratic term were obtained, indicating the existence of a convex pattern. The increase in soil detachment during the soildrying process may be attributable to increased slaking occurrence as the soil water content decreases within the soil matrix (Kemper et al., 1985; Shi et al., 2010) . Moreover, it was hypothesized that evaporating capillary water in coarse-grained soils leads to capillary force reduction or elimination. As the soil water content evaporated to less than field capacity, soil detachment capacity decreased, indicating that small suspended mineral particle deposition and cementation on contact points may control soil cohesion, as suggested by Kemper et al. (1987) . Figure 10 shows the WG025 after a series of drying periods. Figures 7 and 10 show that the changing patterns of WG025 were contrary to that of soil detachment capacity as soil water content increased. This confirmed that the water-stable macroaggregate had a pivotal role bridging aggregate breakdown and soil detachment for well-structured soils. However, the slow decreasing rate of WG025 did not match the fast-increasing rate of soil detachment capacity as soil water content increased for the fine-grained soil, which indicated that the bonds between separated soil particles or microaggregates were hard to sustain when soil water content was high, which could increase soil erosion as suggested by Shainberg et al. (1996) . Figures 7 and 10 also show that under almost saturated conditions, the fine-grained soil had a higher soil detachment capacity than coarse-grained soil, but under dryer conditions the coarse-grained soil had a greater soil detachment capacity, although the coarse-grained soil had a greater WG025 content.
Using the quadratic equation herein, the soil detachment capacity could be well fitted, with R 2 of 0.57 for the sandy loam soil and 0.92 for the silt loam soil (Fig. 7) . The difference between these two R 2 values illustrates that soil detachment capacity of the fine-grained soil, represented by the silt loam soil here, may be more easily predicted than for the coarse-grained soil, represented by the sandy loam soil here. The patterns of soil detachment capacity for the silt loam and the sandy loam soils under aging (Fig. 5) and drying (Fig. 7) treatments were completely different. The patterns of soil detachment capacity confirmed the importance of considering temporal variability in soil erosion resistance when modeling soil erosion by concentrated flow, as suggested by Nachtergaele and Poesen (2002) and Knapen et al. (2007b) . However, the link between soil water content and soil detachment has not been taken into account in some process-based soil erosion models, such as the WEPP model (Flanagan and Nearing, 1995) , where soil detachment capacity is controlled by soil erodibility, critical shear stress, and shear stress exerted by concentrated flow (Flanagan and Nearing, 1995) . Additional studies need to be performed to link soil water content to soil erodibility and critical shear stress.
Comparison of the soil Detachment Capacity for Coarse-and Fine-grained soils
The soil detachment capacity for the coarse-and finegrained soils showed different patterns as soil water content increased (Fig. 3) . The increasing pattern of soil detachment capacity for the coarse-grained soil may be attributable to decreased water-stable aggregates (e.g., WG025) (Fig. 10) , which do not form well at high soil water contents (Shainberg et al., 1996) . However, for the fine-grained soil, the lowest soil detachment capacity occurred at the lowest water-stable aggregate content ( Fig. 3 and 10) , indicating that water-stable aggregate content was not the sole factor controlling soil detachment. The cohesive force between particles and/or between aggregates caused by the great specific surface area (Grissinger, 1966; Horn et al., 1994) may lead to a low soil detachment for soils with few water-stable aggregates. At moderate soil water content, the fine-grained soil with a lower dry bulk density had a higher soil detachment capacity, which may be caused by fewer bonding contact points and more slaking (Horn et al., 1994; Shi et al., 2010) . Aging duration after soil compaction had a crucial effect on soil detachment capacity for the fine-grained soils, whereas it had no obvious influence on the coarse-grained soils. However, mixed soils before compaction had been stored in sealed buckets for 24 h. This storage period may be enough for particle aggregating in coarse-grained soil, although the soils were under a loose state, and compaction may have had no additional effect on soil particle aggregation. However, for fine-grained soil the aggregation process would continue after compaction. Compaction directly after the mixing period may help reveal the effect of the storage period on soil detachment capacity.
Soil detachment capacity for both soils had different patterns (Fig. 7) . Under the drying treatments, the bulk density and void ratio for the coarse-and fine-grained soil were considered to be unchangeable because only the soil water content of 9.0% was used for compaction. In addition, aging duration >12 h had no crucial effect on soil detachment capacity for both soils (Fig. 4) . Therefore, the change of soil detachment capacity could be attributable to the soil water content and its related index of WG025. As the soil water content decreased in the drying process, the WG025 had a contrary pattern to soil detachment capacity ( Fig.  7 and 8 ). For the coarse-grained soil, slaking increased and capillary force reduction as soil water content decreased. This may be the main reason for the increased soil detachment, whereas suspended mineral particle deposition and cementation may cause a slight decrease in soil detachment (Kemper et al., 1987; Shi et al., 2010) . For the fine-grained soil, the soil particle or aggregate separation by water was reduced as soil water content decreased, which resulted in decreased soil detachment (Shainberg et al., 1996) . As the soil water content decreased from the optimum water content at which soil detachment was minimal (Fig. 7) , the increased slaking may have caused soil detachment to increase.
CONCLUsIONs
Soil detachment is the first subprocess of soil erosion providing loose sediment for the processes of transport and deposition. Soil detachment capacity, a key parameter for many soil erosion models, is influenced by many factors. Among these controlling factors, how the soil water content affects soil detachment capacity needs to be quantified. Under seven aging durations and seven drying periods, soil samples with three and seven soil water contents for each treatment were tested in an erosion flume. The patterns of soil detachment capacity with soil water content were different. Under the aging conditions, the coarse-grained soil presented an increasing soil detachment capacity as soil water content increased, whereas the fine-grained soil showed a convex pattern. Under drying conditions, soil detachment capacity for coarse-and fine-grained soils had a convex and concave pattern, respectively. The function of soil detachment capacity and soil water content could be fitted by quadratic equations for these two different soils under drying conditions. The different pattern for coarse-and fine-grained soil indicated a different influencing mechanism of soil water content on soil detachment capacity. The effect of soil water content on soil detachment capacity could be mainly reflected by water-stable aggregate content. A lower soil water content may lead to less slaking for fine-grained soil but to more particle cementation for coarse-grained soil. A greater soil water content could result in weaker bonds for fine-grained soil but less slaking for coarsegrained soil. In addition, the powder-like fine-grained soil with few water-stable aggregates had a low soil detachment capacity, which may be attributable to the cohesive force between particles and/or between aggregates caused by the great specific surface area. Future work will include soil erodibility and critical shear stress and additional soil textures.
